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CHAPTER I
PROBLEM, JUSTIFICATION, AND DEFINITIONS
The improvement of the arithmetic program is a matter
of major concern to all involved in the growth and development
of children.
Many authorities agree that there is a need for improvement in the methods of teaching basic arithmetic.

Bruckner

contends that the needs of a changing society have brought
about dissatisfaction with the results of the existing arithmetic program and an awareness of an acute need for improvement
and that keeping the arithmetic program in line with science
and present day needs is a constant problem {1:3).

Brownell

has stated:
The demands of modern living make arithmetical competence one of the real objectives. The program of
arithmetic instruction to which the present generations
of adults were subjected did not produce this competence.
The results of the extensive testing by the Army and Navy
have served only to highlight the prevailing adult arithmetical deficiencies {2:497-498).
From the foregoing it may be concluded that the teaching
methods of arithmetic should be improved.

Many authorities

agree that manipulative aids will give insight into the meaning
of numbers and necessary number concepts taught in grade one.
Ulrich states:

"The aim of first grade teachers is to enlarge

children's number concepts by many concrete situations" (3:75).
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Polkinghorn contends:
Primary understandings of number meanings must grow out
of number experiences with things preferably in a natural
setting. In the planning and the doing, children have
occasion to count, compare, measure, and put together numbers representing groups or quantities or amounts (4:3).
It was the purpose of this paper to show how manipulative aids were used to develop the concepts mentioned above in
a first grade in Selah, Washington.

These arithmetic concepts

are widely used in grade one according to Gunderson and Hollister, Edwina Deans, Grossnickle, and others.
CONCEPTS OF NUMBER AND NU.M..ERAL:
1.

Concept of size:
big
little
large
larger
largest
greater than

2.

longer
longest
short
shorter
shortest
more than

enough
as many as
same as

fewer than
less than
more than

higher
lower
highest
lowest
up
over

after
next
last
above
below
bottom

half hour
minutes

months
year

Concept of position:
left
right
beside
before
down
top
under

4.

small
smaller
smallest
biggest
long
less than

Concept of quantity:
many
fewer
more
less

3.

(5:101-102)

Concept of time:
hour
days
weeks
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5.

Concepts of numbers:
units

tens

6.

Concepts of numerals

7.

Concepts of addition ~d subtraction

8.

Concepts of fractions

hundreds

This writer was in hearty agreement with Deans, Gunderson and Hollister, and others that the above mentioned concepts
needed to be further developed.

A study of the literature

matched with the concepts to be developed and the above concepts.

Several devices were built to match the necessary

concepts.

The rest of this paper describes the devices built

and how they were developed in Grade 1 in Selah, Washington.
Definitions
Number:
Numeral:

the real amount of the real object(s)

(6:31).

a symbol for objects (6:34).

Size: according to Thorndike, the amount of space a
thing takes up like the size of a city (7:354).
Quantity:

the amount or number.

Addition: the movement and in rational positive numbers
is a forward moving process (8:355).
Subtraction: the movement and in subtraction of rational
positive numbers is essentially a backward movement (8:355).
Chapter II lists and describes the manipulative devices
built by the author and discusses how they were used, and Chapter III discusses the results and the conclusions.

CHAPTER II
DESCRIPTION AND PROCEDURES USED IN THE
DEVELOPMENT OF MANIPULATIVE MATERIALS
This chapter lists and describes the devices built by
the author in Grade 1 in the John Campbell School in Selah,
Washington.

After the list is presented, a detailed descrip-

tion, directions for building, and procedures for using the
manipulative materials will be given.
I.

LIST OF MANIPULATIVE MATERIALS

For the development of:
1.

Concept of size:
Blocks (Fig. 1)
Bulletin Board (Fig. 2)

2.

Concepts of quanity:
1 inch wooden cubes (Fig. 3)

3.

Concepts of position:
Felt cut-outs (Fig. 4)

4.

Concepts of measurement:
Calendar (Fig. 5)
Seasonal Calendar (Fig. 6)

5.

Concepts of number:
a. Concept of units:
Giant Dominoes (Fig. 7)
Hook Board (Fig. 8)
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Bottle-Cap Board (Fig. 9)
Concrete Numeral Cards (Fig. 10)
Set of Cards (Fig. 11)
Semi-Concrete Numeral Cards (Fig. 12)
b. Concepts of tens:
Nine Can Stay (Fig. 13)
Individual Place-Value Charts (Fig. 14)
Teen Blocks (Fig. 15)
Dowel Board (Fig. 16)
Two's Bulletin Board (Fig. 17)
Numeral Chart (Fig. 18)
c. Concept of hundreds:
Two's Chart (Fig. 19)
6.

Concept of Numerals:
Numeral Matching (Fig. 20)
Giant Numerals (Fig. 21)
Numeral-0 (Fig. 22)
Spin-A-Turn (Fig. 23)
String Board (Fig. 24)
Number Dot Dominoes (Fig. 25)

7.

Concepts of Addition and Subtraction:
Individual Felt Boards (Fig. 26)
Flip Cards (Fig. 27)
Numeral Pocket Chart (Fig. 28)
Number Story (Fig. 29)
Number Family (Fig. 30)

8.

Concept of Fractions:
Fraction Boards (Fig. 31)

The concepts listed above must be followed by descriptions of the manipulative materials.
II.

DESCRIPTIONS AND PROCEDURES
OF MANIPULATIVE MATERIALS

Most of the manipulative materials that were used in
this study were made by the author, however, some of the ideas
were taken from various sources.

This portion of the chapter
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will be devoted to descriptions and procedures used in the
development of manipulative aids used in this study.
Conc~_E! of Size
The "blocks" that are shown in Figure 1 are paper boxes
that were obtained at a variety store.

The dimensions were

approximately four by three by three inches.

After the lids

were securely taped, opaque water paints were applied and the
blocks put aside to dry.
water paint from peeling.

A coat of clear shellac kept the
These blocks originated with the

author and they were used in a variety of ways such as:
blocks (Fig. 1) were stacked by the youngsters.

the

The children

were encouraged to see equalities and inequalities in the
stacks.

The youngsters discovered the 1 to 1 correspondence

Figure 1
Blocks
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and also discovered several positional features such as over,
under, after, etc., which is essential in space relationships.
The children maneuvered the blocks and the size of the blocks
seemed to be of the right proportion for first grade youngsters.

The interest level was high.

The youngsters not only

used these blocks in arithmetic periods but in their own free
time.
The bulletin board (Fig. 2) was assembled from numerous
materials such as felt, plastic spoons, numerals, charts, etc.
---.__/">.,..__.-....;_,-.__,---..,,-.-------..-....,,,--.-....,......,...__,-,~
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FIGURE 2
BULLETIN BOARD

The eight by ten inch number cards were an idea taken
from Brueckner and Grossnickle (6:174).

The designs on the

cards were cut from scraps of plastic upholstery materials.
Plastic does not fade as readily as some other materials and
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will provide a longer lasting teaching aid.

The numeral name

was located at the top and the numeral at the bottom of each
card.
The bulletin board (Fig. 2) was created by the teacher
with the assistance of the children.

The children seemed to

gain in their concepts of size, equalities and inequalities,
and in the one-to-one correspondence.

The teacher noted that

their progress in dealing with numerals and numbers was rapid.
This bulletin board with adaptions has been used each year for
the last five years with practically the same results: mainly,
that the progress of the children was faster in the abstract
stages.

This was evident in improved results in the arith-

metical computation section of the Metropolitan Achievement
Test (9:13-15).
Concept of Quantity
To develop the concept of quantity one inch wooden
cubes were used.

The cubes were cut in the shop.

sanded and painted with wood sealer.

They were

The container for the

cubes was made of plywood approximately eleven by eleven
inches.

The raised edges kept the cubes from scattering.
The wooden cubes (Fig. 3) were also used to develop

concepts of size, one-to-one correspondence, and the meaning
and understanding of one hundred.
enjoyed playing with the cubes.

At first the youngsters
The youngsters next counted

these cubes, and this helped to establish meaning to previous
rote counting which is learned by many first grade youngsters

9

at home.

The teacher helped the youngsters to establish mean-

ing and one-to-one correspondence by getting the youngsters
to place two blocks over two blocks, etc.

..J

FIGURE 3
WOODEN CUBES

Concept of Position
To develop the concept of position and location felt
cut-outs were used.
with an iron.

Discarded felt hats were steamed flat

Some of the different shapes that were cut from

the felt can be seen in Figure 4.

Some felt was bought to

enable the author to have a variety of colors.
The felt cut-outs were placed on the felt board.

The

teacher asked the children to note the direction of the first
cut-out on the left side.

This was done to establish concepts

of position such as before, after, etc.

The teacher asked
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which animal came after which.

The teacher next asked the

youngsters to close their eyes and then changed positions of
the cut-outs.

The children were asked to note the changes.

The youngsters then were encouraged to do this on their own,
and in the same manner.

The children's interest was keen in

this work and they often did thi~ in their own time.

"'me...____
FIGURE 4

FELT CUT-OUTS
ConceEt of Time
For the concept of time the calendars (Fig. 5 and 6)
were used.

Figure 5 shows a calendar made by the author that

could be changed month by month.

The calendar was constructed

from a twenty by thirty inch high grade oak-tag.

Approximately

seventeen and one-half inches from the top of the board, two
and one-half inch squares were ruled off.

Corner slots were
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made by cutting across the adjacent corners of each square
with a sharp knife.

Thirty-one three and one-half squares

of tagboard cards were cut to fit into these slots.

The num-

erals 1 to 31 were written on one side of the squares with a
black felt-tip pen.

Corresponding numerals were written on

the reverse side with a red felt pen.

Twelve oak-tag strips

were prepared with the names of the months.
top was used for seasonal pictures.

The space at the

This type of calendar was

11 l
l Ii I I;
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FIGURE 5
CALENDAR

the author's idea.

The children at the end of the school day

marked off the days by fitting a seasonal object into the slot
over the numeral thus reinforcing the one-to-one correspondence
concept.

The calendar also reinforced the concept of quantity

by the children counting the days until birthdays, holidays,
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etc.

Numerical sequence and the concept of position were

strengthened for as the days were marked the children noted
the day before and the next day.

Some understanding of weeks,

days, months, and years was developed as the children enjoyed
this activity and looked forward with anticipation to thelr
turn to mark the calendar.
The seasonal calendar (Fig. 6) was assembled by the
author from a variety of materials.

The children enjoyed

this calendar for they counted the months until their birthdays, the months in the school year, and the months in a year.

'

•

•r= ,...,.
FIGURE 6
SEASONAL CALENDAR

They learned that the months came in consecutive order and
they better understood the numerical sequence of days of one
month to the next month.

The relationship of weeks to months
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was strengthened.
tice.

Rational counting was strengthened by prac-

The children discovered the association of months and

seasons and gained a better understanding of the time concept.
This seasonal calendar has been repeated with equal success.
Concepts of Number
The concepts of number were taught with many different
materials that will be described under concept of units, concepts of tens, and concepts of hundreds.
For the concept of units the Giant Dominoes (Fig. 7)
were used.

The Giant Dominoes were cut from one by six inch

FIGURE 7
GIANT DOMINOES

boards.
paint.

After they were sanded, they were painted with black
A white strip of adhesive tape was placed down the

14
center of each domino, dividing each into two sections.

The

desired dot patterns were made by drawing around a dime.
dots were then painted with white enamel.

The

After the dots

were thoroughly dry, a coat of clear shellac was applied.
The finishing touch was gluing felt on the bottom of each
domino.

The felt supplied a two-fold purpose:

keeping the

noise at a minimum and preventing the scratching of the floor.
To the author's knowledge the use of the Giant Dominoes
in the school room was originated by the author.
At first the children maneuvered the Giant Dominoes
{Fig. 7) by feeling, lifting, and moving.

The children soon

began to place them end to end as box cars of a train.

Some

of the children counted the blocks that comprised the train,
thus reinforcing rational counting.

The teacher encouraged

the one-to-one correspondence by encouraging the children to
match the dots on one domino to the dots on another, etc.

The

children liked to manipulate the dominoes as they worked with
them during their free time, that is when their regular assignments were finished, on rainy days, etc.

The dominoes have

been used several years and will continue to be of value.
Sets of dominoes are available commercially.

Since they

last an indefinite time, it would probably be simpler and wiser
to buy a set instead of making the dominoes.

This would be

less time consuming.
The Hook-Board {Fig. 8) was made from two boards each
thirty inches square.

They were sanded and treated with wood
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sealer.

The base board was scored with a wood burner every

three inches both horizontally and vertically, resulting in
one hundred three-inch scored squares.

A "L" shaped screw

hook was secured in the top center of each scored square.
The second board was sawed into three-inch strips.

The three-

inch strips were sawed into three-inch blocks, thus making
one hundred three-inch individual squares.

A hole was bored

at the top center of each three-inch wooden square for the
purpose of hanging the squares on hooks of the board base.
Numerals were drawn on each of the wooden squares with a
black felt-tip pen.

The idea for the Hook-Board was taken

from Brownell and Weaver (10:12).

A metal handle was secured

for ease of handling.

--

FIGURE 8
HOOK-BOARD
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Since the Hook-Board (Fig. 8) had removable number
squares the children liked to hang the squares on the hooks.
They put the squares in order, numerically, on the board.
The children usually helped each other as the children usually worked at the Hook-Board two or three at a time.

If

one child did not know the numeral that came next, possibly
the other child did.

Practice reinforced numeral sequence

and one-to-one correspondence as the children placed the squares
on the hooks.

The concepts of position were strengthened for

the children learned numerals that come after, before, etc.
One child, a repeater, discovered base patterns by turning
over every third square.
blank.

The back sides of the squares were

This discovery was so fascinating that the child con-

tinued this preformance through the sevens.

The child probably

did not realize what she was doing, but a foundation began for
multiplication and number bases other than the base of ten.
As long as the youngsters had access to the Hook-Board, they
continued to be intrigued.

The children searched for other

discoveries.
The Bottle-Cap Board (Fig. 9) was constructed from a
thirty-inch square of plywood.
treated with wood sealer.

The board was again sanded and

After it was dry, a wood burner was

used to score every three inches both horizontally and vertically, resulting in one hundred three-inch scored squares.
The pop bottle caps were painted with silver paint and nailed
to the center of the scored three-inch squares.

A handle for

easy maneuvering was secured to the back of the Bottle-Cap
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Board.

The Bottle-Cap Board was an adaptation of the Hook-

Board that was taken from Brownell and Weaver (10:12).

)
l

I
l

FIGURE 9
BOTTLE-CAP BOARD

The Bottle-Cap Board (Fig. 9) consists of concrete
objects that are secured to the base board.

These bottle caps

are not movable, therefore, they are more abstract than the
movable objects.

The children felt the objects as they counted

thus strengthening rational counting.

The concepts of position

was strengthened by the teacher placing gummed stickers on the
bottle caps of the first row.

The children enjoyed trying to

discover from the board something that their classmates had
not discovered.

Interest of the children did not continue as

long on the Bottle-Cap Board as on the Hook-Board because the
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objects were not movable.

It was more difficult to visualize

an object than to actually move it.
The Concrete Numeral Cards (Fig. 10) contained such
concrete objects as buttons, feathers, paper clips, etc.

The

(

\
t

l

-FIGURE 10
CONCRETE NUMERAL CARDS

Numeral Cards were assembled into a bulletin board.

The cards

were made from nine by twelve oak-tag and the idea was taken
from Brueckner and Grossnickle (6:173).

The name of a single

numeral from one to ten was printed across the top of the
card, a concrete material such as felt, plastic leaves, seeds,
paper clips, etc. were glued to the center of the card to
represent the value of the numeral.
at the bottom of the cards.

The numerals were written
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The children felt the objects and counted.

The

teacher asked that they note the name for the numeral and
the symbol.

Rational counting was strengthened as the chil-

dren touched the objects.

The cards were too large for com-

fortable handling by the children.
arranged into a bulletin board.

Later the cards were

Different numeral patterns

were placed around the bulletin board.
the numeral pattern by thumb tacks.

String was secured at

The children matched the

numeral patterns to the patterns on the cards and later to the
numerals on the cards.

This procedure reinforced the concepts

of size, quantity, position, and units.

The children enjoyed

this activity and the numeral patterns had to be changed frequently to maintain the children's interest.
The Set of Cards (Fig. 11) consisted of three sets of
ten oak-tag cards, each card about four by six inches.

On

each card of one set a different numeral name was written,
corresponding numerals on each card of the second set, and
pictures of corresponding number groups on each card of the
third set (6:174).

Several sets were made.

There are thirty cards to the Set of Cards.

The chil-

dren that worked with one set tried to draw cards from a pile
to see who could make the most "books".
cards to each "book".

There were three

This method furnished incentive and

practice on the part of the children for it was one way of
testing the understanding of numerals one to ten.
several sets in the classroom.

There were

The children would get them

and practice on their own free time.
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FIGURE 11
SET OF CARDS

Figure 12 shows a bulletin board constructed by the
author using semi-concrete materials to represent numeral
value.

The idea was adapted from Brueckner and Grossnickle

(6:174).

Plastic geometric materials were glued to the

eight by ten inch cards.

The numeral name was placed under

the shapes and the numeral was written at the bottom of the
card.

Plastic upholstery material was used for the shapes

because plastic does not fade.
The Semi-Concrete Numeral Cards (Fig. 12) are more
abstract than the Concrete Numeral Cards shown in Figure 10.
The Semi-Concrete Numeral Cards were too large for the chil-
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dren to comfortably handle.
into a bulletin board.

The teacher assembled the cards

The children looked at the Semi-

Concrete Numeral Cards for reference of numeral value if
needed.

Interest in these cards was not too good, due to the

size of the cards.

~-----------~,_.,..._,,,,..._.._,,,__,,,-

FIGURE 12
SEMI-CONCRETE NUMBER CARDS

Many concrete materials were used for teaching the
concepts of ten.

The author will describe six devices that

were constructed for this purpose.
Nine Can Stay (Fig. 13) was built from masonite board.
The box part was three by six by twenty-one inches.

The top

part of the box had four holes that were cut for the "Hundreds"
place, twelve holes for the "Tens" place, and twelve holes for
the "Ones" place.

A nine by twelve inch board that was painted
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black with chalkboard paint was nailed to the back of the
box.

Narrow strips of masking tape formed the "Hundreds",

"Tens", and "Ones" places.

The Nine Can Stay box is an adapta-

tion of an idea taken from Brownell and Weaver (10:14).

'

l
FIGURE 13

NINE CAN STAY

With the help of the children the teacher introduced
the box Nine Can Stay.
place by the teacher.

Popsickle sticks were put in the "Ones"
When one more was put in that made ten,

hence it could not stay; Nine Can Stay.

One child counted

aloud with another child as he removed ten sticks, one at a
time, from the "Ones" side.

An elastic band was put around

these ten sticks and dropped into the "Tens" place.

The chil-

dren counted together the number of sticks left in the "Ones"
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place and then put them back into the "Ones" place.

Then,

with chalk, the children recorded the value of the sticks on
the chalkboard that was directly above the sticks.

Nine Can

Stay reinforced the concepts of size, quantity, and units by
comparing one number value to another, rational counting, and
one-to-one correspondence.

The children were enthusiastic

about Nine Can Stay as they worked with it on their own free
time.

Nine Can Stay has been used for several years and seems

to provide the children with the understanding of place-value
that is necessary in arithmetic.
The Place-Value Charts (Fig. 14) were made of seven by
six inch colored construction paper.

The paper was folded up

I

'
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FIGURE 14
PLACE-VALUE CHARTS
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one inch to form a pocket chart five by six inches.

The left

side of the chart was labeled "Tens" and the right side was
labeled "Ones
counters.

11
•

~1arrow strips of oak--tag were used for

This Place-Value Chart was adapted from Brueckner

and Grossnickle (n:179).
Individual Place-Value Charts (Fig. 14) are less concrete than Nine Can Stay.
Value Chart.
Can Stay".

Each child was provided a Place-

The teacher reminded the children that "Nine
The children worked out their own story problems

and told the teacher the value of their representation.

The

teacher named a numeral and the children represented it on
their Individual Place-Value Charts.

This game was limited

to the amount of counters that the chart would contain.

The

children enjoyed this activity more when they worked together.
One called a numeral, another one illustrated, and vice-versa.
The Place-Value Charts maintained the children's interest for
some time.
The Teen Blocks (Fig. 15) were made of wood.

They were

three by four by one inch scored to show ten sections.
blocks would not come apart.

The

The small sticks were approxi-

mately the same size as each scored section of the "Ten" block.
Figure 15 shows six tens and five ones or the total of 65.
The Teen Blocks were more abstract than the bundle of sticks
that could have the rubber band removed, therefore releasing
all ten sticks that comprised the one ten.

The Teen Blocks

helped the children to realize that one ten is one thing, an
entity.

Figure 15 shows a representation of six tens and four
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ones or 64.

The Teen Blocks reinforced the concepts of size,

quantity, and position.

The children's continued interest

emphasized their enjoyment and understanding.

The concept of

"Ten" can readily be seen by observing Figure 15.

I

,
I
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-FIGURE 15
TEEN BLOCKS
The Dowel Board {Fig. 16) was made from a two by four
by eighteen inch board.
for the dowel sticks.

Three holes were drilled in the base
The board was sanded and coated with

wood sealer.

The Dowel Board shows 1 hundred 4 tens and 3

ones or 143.

The Dowel Board represented numerals in a more

abstract way than the Teen Blocks.

This idea was not found

in Brueckner and Grossnickle, but Brueckner and Grossnickle
inspired the author to think of this particular adaptation ,
{6:179).
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The Dowel Board shows place-value in a more abstract
way than previously mentioned (Figs. 13-15).

When the "Ones"

place contained ten, the disks were removed and one disk put
in the "Tens" place.
Figure 16 is 143.
emphasized.

The value of the blocks represented in

Rational counting and units were thus re-

With the Dowel Board a truer meaning of place-

value was obtained for ten was not a bundle; it was an entity.
The children enjoyed this activity as indicated by the use of
their own free time.
_,,,.........,,_.-.... .......

~
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FIGURE 16

DOWEL BOARD
The Two's Bulletin Board was inspired by the class.
The children gathered materials that could be counted by two.
The Two's Bulletin Board (Fig. 17) was assembled from concrete
objects during the time the two's were being studied.

The
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chart in the center of the board was made by the author.

The

papers on the lower part of the board contain pictures drawn
by the children to represent the value of the numerals.

This

activity taught the concept of units, tens, or hundreds by
two's to one hundred.

Concepts of size, quantity, rational

FIGURE 17
TWO'S BULLETIN BOARD

counting, and tens were reinforced for the children were only
counting in a different way than previously.

The teacher

wrote the abstract numerals on the chart for the children were
beginning to understand numerals.

The children were interested

until they became competent in writing the numerals.

The Two's

Bulletin Board has been repeated several times with variations
and with practically the same results.
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The Numeral Chart (Fig. 18) was made from a twenty-four
by thirty-six inch oak-tag.
into squares.

The board was measured and marked

For some contrast red circles were then drawn

in the squares.

The numerals one to one hundred were drawn.

The dark strip was cut from oak-tag and painted.

This chart

was adapted by the author from Brownell and Weaver (10:11).
The dark strip was moved by the teacher while the class
responded by saying, "Two tens and five ones are twenty-five",
etc.
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FIGURE 18
NUMERAL CHART

The children also participated by holding the dark
strip and the rest of the class giving the answers.
chart was used in another way.

This

The children obtained a box

containing one hundred, two and three-eighths inch circular
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disks.

The children put the chart on the floor.

One child

called a numeral, twenty-seven for example, and another child
put a disk over the numeral called.
say, "Find four tens and eight ones."

Later, one child would
The second child

responded by placing a disk over the numeral called.

The

children enjoyed the Numeral Chart so much that it became too
worn and needed to be replaced.
The following material was used to illustrate the concept of hundreds.

The Two's Chart (Fig. 19} was made from a

twenty-four by thirty-six inch piece of oak-tag.

Narrow strips

one-half by twenty-four inches were glued across the board
forming shallow pockets.
were cut.

Black numerals were painted on the odd two-inch

squared cards.
inch cards.

One hundred two-inch square cards

Red numerals were painted on the even two-

A pocket was made at the bottom of the chart for

holding the two-inch cards when they were not being used.

The

idea was taken from Brueckner and Grossnickle (6:184}.
The 'I'i"llo's Chart shown in Figure 19 was used in conjunction with the manipulative materials shown in Figures 9 and 17.
The children put the cards in order with the black numerals
showing, thus reinforcing rational counting, and sequence of
numerals.

Sometimes the odd cards were left in the oockets

and the even cards turned over showing red numerals.

Other

times the children left the even cards in the pockets with the
red numerals showing and removed the odd cards.
soon left the Two's Chart.

The children

They could preform the same type
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activity with the Hook-Board (Fig. 8) and enjoyed the HookBoard much more.

FIGURE 19
TWO'S CHART

Concept of Numerals
The Numeral Matching game (Fig. 20) was made by the
author from a three feet by two inch by two inch board.

The

board was sanded and coated with wood sealer, after which two
inch numerals were painted, in black, on the wood.

Small cup

hooks were secured directly under the painted numerals.

Two

hook eyes on the top of the board provided for the hanging of
the game.
The Numeral Matching game was inspired by Hollister
and Gunderson (5:71).
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The children matched the giant numerals to the smaller
numerals that were painted on the base (Fig. 20).

The chil-

dren enjoyed feeling and tracing over the giant numerals.
Their interest was manifested by the time that was spent on
this activity.

Numeral matching strengthened the concept of

numeral and reinforced the concept of units.

The children

discovered that by matching the numerals they were putting the
numerals in sequence.

FIGURE 20
NUMERAL MATCHING
The Giant Numerals (Fig. 21) were cut from masonite
board.

A circular protrusion, with a hole in the center, was

cut at the top of each five-inch sanded numeral.

This idea

was conceived after reading Hollister and Gunderson (5:71).
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The Giant Numerals (Fig. 21) were used in various
ways.

The children invented some games they liked to play.

One child closed his eyes while another removed a numeral.
The missing numeral was discovered by another child.

The

sequence of the numerals was changed and the other child was
to rearrange the numerals in the correct sequence, etc.

In

Figure 21 the children had placed the numerals at random and
one child took turns putting down ice-cream spoons to represent the quantity that the numeral represented.

,,,,
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FIGURE 21
GIANT NUMERALS

indicated the understanding of the numeral and indicated to
the teacher if more practice was needed.

The children spent

much of their own free time at this activity and the teacher
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has used the Giant Numerals for several years.

The concept

of numerals was strengthened enormously through the activities
involved with the Giant Numerals.

Progress was rapid in the

abstract as evidenced by the test scores of the Metropolitan
Achievement Test.
Numeral-0 was used for developing the concept of numerals.

Numeral-0 (Fig. 22) was made from a four and one-half

inch by six inch rectangle of oak-tag marked off into one and
one-half inch rectangles, one game for each child in the classroom.

A numeral from 1 to 10 was written in random order on

each rectangle~

Two small rectangles were still empty so any

of the same numerals were repeated.
Brownell and Weaver (10:20).

FIGURE 22
NUMERAL-0

This idea was taken from
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The Numeral-a cards (Fig. 22) were kept in the children's desks, one per child.

When the children had finished

their regular assignments they were at liberty to work quietly
at an extra activity.

At times they took their numeral cards

and matched the numerals, dot patterns, and number names to
the base board that contained numerals.

Numeral patterns were

readily recognized after some practice.

The children enjoyed

this activity and later extended this game to include the
addition and subtraction facts.
The Spin-A-Tum (Fig. 23) was patented and the name
copyrighted by the author (11).

The Spin-A-Tum was con-

structed from a twenty-four inch square of pressed fiberboard.
The base section was made with a raised circular center section

~

,v...._
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FIGURE 23
SPIN-A-TURN
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containing numerals and an arrow.
aluminum.

The arrow was cut from

Six inch circles were painted in the corners of

the base, each a different color.
is separate from the base.

The cross-shaped top sheet

The player pieces were painted to

match the circular corner shapes and the "L" shaped isles.
The Spin-A-Turn (Fig. 23) was made ready for playing
by turning the cross-shaped area until each colored "L" shaped
Spin-A-Turn was to the left of the matching circle.

Each

player was assigned a starting circle and a matching disc (9).
1.

The starting player is determined by spinning the

arrow for the highest number.
2.

Each player in turn spins the arrow and starting on

his own diamond advances his player disc the number of spaces
indicated, matching his numeral cards to the numerals in each
space as he advances.

He steps along in a counter-clockwise

direction.
3.

If the player does not match a numeral card correctly

he must stop on the last properly matched numeral and wait his
next turn.
4.

Players take their turns in a counter-clockwise

5.

The cross-shaped area may be turned to keep the

order.

numerals in an upright, readable position for each player.
Care must be taken in turning the cross-shaped area so the
disc for each player will remain on the proper numeral.
6.

The game is won by the first player to get his disc

completely around the cross-shaped area and into his Spin-ATurn panel.
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The Spin-A-Tum was adapted to teach different concepts.

Figure 23 shows numeral recognition.

The Spin-A-Tum

has been extended to give practice in numeral patterns, numeral names, addition, and subtraction.

The children spent

much of their own free time at this quiet activity.

The

teacher has used the Spin-A-Turn four years and it has given
much added practice and enjoyment to learning.
Figure 24 shows an example of the String Board.

The

oak-tag card was placed in the vertical position and lines
drawn across the card every three inches, making four spaces.

four

-

C

r

FIGURE 24
STRING BOARD

On the line of the top space a numeral was written, for

example the symbol of four.

About one-fourth inch to the

right of the numeral, a paper brad was punched through the

37

oak-tag and secured to the back of the card.

About five and

one-half inches from the left side of the oak-tag on the same
space another brad was secured.
were written.

Beside the brad, numeral names

One end of a string was fastened to the brad

beside the numeral and the other end was left free.

This idea

was adapted from Brueckner {1:70).
To work with the String Board {Fig. 24) a child picked
up one end of the red string, that was secured to the right of
the numeral four, and placed the string around the brad to the
left of the word "four".

The correct responses made a criss-

cross pattern on the oak-tag.

None of the games were alike.

The String Board extended the concepts of numeral matching by
matching numeral to correct numeral name and was added practice for the concept of numbers.

The children enjoyed the

String Boards for the teacher made many adaptions of the same
game.

The children used their own free time with the String

Boards besides some class time.
Figure 25 shows the Number-Dot Dominoes that were made
from three by five inch pieces of oak-tag.

A line was drawn

down the center while the cards were in a horizontal position.
A dot picture was drawn on one end and a numeral name was
written on the other.

This idea originated with the author.

Numeral-Dot Dominoes was played much like regular
dominoes except a dot picture on one end of the card was matched
to the corresponding numeral of another card.

The Dominoes

furnished extra practice in one-to-one correspondence, concepts of ones, and the numeral meaning.

The children liked the
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Numeral-Dot Dominoes, though some found it too hard.

The

advanced students indicated their enjoyment of this manipulative material as these children spent their own free time
working with the Numeral-Dot Dominoes.

---

4

FIGURE 25
NUMBER-DOT DOMINOES

Concept of Addition and Subtraction
To develop the addition and subtraction concepts many
devices were used progressing from the concrete to the abstract.
This progression is in agreement with Deans, Kane and Oesterle
(1~).

Figure 26 shows some five and one-half by eight and onehalf inch individual felt boards in use.

Red flannel was

stretched over tablet backs and taped to the back side.

The

39

Individual Felt Boards (Fig. 26) were kept in the children's
desks with a small box containing colored bits of felt.

The

children were encouraged to use their free time for ntnnber
discovery.

The Individual Felt Boards were used for the con-

cepts of size, quantity, position, and units.

Figure 26

shows that two children have discovered that two white bits
of felt and three white ones equal five pieces of felt.

At

first the discoveries were read as stories and later written
down in the abstract form.

Number combinations with the felt

board consumed much of the free time of the children for weeks.
Finally the children reached the stage that the felt board
was not needed.

The teacher feels that the felt board is

indispensable because the children worked now in the abstract
without reverting to the Individual Felt Boards.

FIGURE 26
INDIVIDUAL FELT BOARDS
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The Flip Cards (Fig. 27) were made from oak-tag.

Two

sets of five inch flip cards were made on which cut-out disks
were mounted.
one to ten.

Each side has all the number disk patterns from
The five by five inch sides were secured to a

five by ten and one-half inch base by metal rings.

This idea

was adapted from Clark, Junge, and Clark (13:5).

FIGURE 27
FLIP CARDS

As the cards were flipped, different combinations of
the cut-out disks were obtained.

Class time was used with

the Flip Cards for they were awkward for the children to use.
The children did not use any of their free time with the Flip
Cards and the teacher felt that these particular Flip Cards
needed to be improved, as will be pointed out in Chapter III.
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Three sets of cards were made for the Numeral Pocket
Chart (Fig. 28).

One set contained the numerals one to ten,

another set contained the dot pictures one to ten, and the
last set contained the numbered words one to ten.
was made from a long sheet of butcher paper.
were folded up one and one-half inches.

This chart

The pockets

The chart was then

I1¥:>unted on a twenty-four by thirty-six inch sheet of oak-tag.
Masking tape secured the chart to the oak-tag.

The children

took the cards from the Pocket Chart and mixed them.

The

children would rearrange the cards in the correct order (Fig. 28) •
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FIGURE 28

NUMERAL POCKET CHART

This chart stayed in one place so the pupils could practice
matching the three sets of cards as a test of their understanding of the three ways of representing the numerals from
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one to ten.

The pupils enjoyed the Numeral Pocket Chart

very much for they thought of games to play.
pupils drew a card from the set.

Each of two

The game was to see if the

same numeral or amount was drawn.

If the two amounts were

not equal, one pupil stated which was smaller or larger.
Sometimes the game was by one pupil stating how much smaller
or larger.

Practice with the Numeral Pocket Chart strengthened

the concept of numerals for it became evident that most of the
pupils did not need to refer to the chart for numeral meanings.
The Numeral Pocket Chart was made by the author but the idea
was adapted from Brueckner and Grossnickle (6:179).
The Number Story (Fig. 29) was developed from the concrete to the abstract in an effort to clarify the concept of
addition and subtraction.

These steps are in agreement with

---~~--------

Morton (14:12-18) and DeMay (15:25) •
....,,,,,,,--._~

FIGURE 29
NUMBER STORY
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The spoons were made ready for the Number Story by
putting Elmer's Glue on the backs of the bowls of the spoons
and sprinkling coarse sand into the glue.
spoons to the felt board.

The sand held the

The circles were cut from felt,

and the abstract form of the Number Story was written on oaktag on which some felt had been glued.
The Number Story was written in an abstract form to
show the sign that represents addition.
for subtraction.

The reverse was done

The Number Story intrigued the children for

they made different number stories in their own free time.
The children soon left this activity for it became too much
trouble and they did not need to go through the above mentioned
steps when they reached an understanding of the concept of
addition and subtraction.
Number Family can be seen in Figure 30.

Pictures were

mounted on oak-tag, but first cut out, and then felt glued to
the back of each picture.

Numeral combinations were written on

the ducks that the little boy was feeding.
also told the stories of subtraction.

The Number Families

Other pictures were used

for the number families such as a little boy feeding pigs, a
clown balancing blocks, and box cars on a train.
The Number Family (Fig. 30) served to demonstrate to the
children that different numeral combinations equaled the same
numeral.

The teacher had a complete set of the Number Families

through the sum of ten which helped to strengthen the concepts
of addition and subtractions.

The children enjoyed arranging

these Number Families for a short period of time.

Then they
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became bored because the activity was so limited that the
children could not think of any games or make further discoveries.

,

FIGURE 30
NUMBER FAMILY

Concept of Fractions
The Fraction Boards (Fig. 31) were nine inch circles
cut from wood, sanded, and painted.

Each whole board was

painted a different color than the other such as the yellow
board that was cut into three equal parts (Fig. 31).
The Fraction Board was used after many real objects
were cut into fractional parts.
into two equal parts.

The children folded paper

Pictures were divided into two equal

parts by drawing lines down the center, and pictures were
colored representing halves.

The Fraction Board helped to
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make the study of fractions more meaningful.

The children

left the Fraction Board because of its limitations for adaptability.

c

,-

FIGURE 31
FRACTION BOARD

CHAPTER III
SUM~.ARY, CONCLUSIONS, l\.ND RECOMJ1,ffiNDATIONS
This chapter contains a summary statement, draws conclusions, and makes recommendations.
I.

SUM.MARY

A need for manipulative materials was established.
Manipulative materials were then constructed as described.
Some of the manipulative materials needed to be improved or
deleted.

The arithmetic section of the Metropolitan Readiness

Test (Form R) was administered at the beginninq of the experiment (18:13-15).

The arithmetic section of the Metropolitan

Achievement Test (Form R) was given at the completion of the
experiment (9:8-9).

The results showed the youngsters that

used the manipulative devices gained one year and nine months.
II.

CONCLUSIONS

List of materials that were not successful.
pulative materials that were not successful were:
Numeral Cards,

(2) Semi-Concrete Numeral Cards,

The mani(1) Concrete

(3) Individual

Place-Value Charts, and (4) Two's Chart.
These materials were not successful because the youngsters lost interest in them quickly and the construction of
some of the aids needed improvement.

See Chapter II.

47
List of materials that were successful.
manipulative materials were:
(3) Wooden Cubes,
Dominoes,
Cards,

(4) Felt Cut-Outs,

(7) Hook-Board,

(13) Two's Bulletin Board,

Turn,

vidual Felt Boards,
(24) Number Story,

(5) Calendar, (6) Giant

( 11) Teen Blocks,

(9) Set of

(12) Dowel Board,

(14) Numeral Chart,

(16) Giant Numerals,

(19) String Board,

(2) Bulletin Board,

(8) Bottle-Cap Board,

( 10) Nine Can Stay,

Matching,

(1) Blocks,

The successful

(17) Numeral-0,

(15) Numeral
(18) Spin-A-

(20) Numeral Dot Dominoes,

(22) Flip Cards,

(21) Indi-

(23) Numeral Pocket Chart,

(25) Number Family, and (26) Fraction Board.

These manipulative materials were successful because
they held the youngsters interest.

Also this same result was

observed by the author with subsequent groups.
Characteristics of materials that were not successful.
The devices constructed that were not successful seemed to
have the following characteristics:
moved or arranged easily,
ment,

(1) they could not be

(2) the construction needed improve-

(3) it was difficult for the children to comprehend the

concept to be developed by the use of some of these aids,

(4)

it was difficult for the youngsters to make new discoveries
with some of the manipulative devices.

For example, the chil-

dren could not easily handle the concrete and semi-concrete
numeral cards for the cards were too large.
Characteristics of materials that were successful.

The

devices constructed that were successful seemed to have the
following characteristics:

(1) they could be moved or arranged
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easily,

(2) they were made of durable material,

(3) it was

easy for the children to make discoveries on their own, and
(4) it was possible for the children to comprehend the arithmetical concept.

For example, the children were able to

match numerals with words very readily after using the String
Board.

The Dowel Board helped youngsters to understand the

Hindu arabic number system.

This was also true of the Bottle-

Cap Board and the Flip Cards.
Specific Conclusions.

r.~anipulative materials that were

successful helped (1) the youngsters that needed work with
objects,

(2) the youngsters move rapidly at their own pace

from the concrete to the abstract,

(3) the youngsters that had

questions to discover the answers, and (4) make arithmetic
meaningful and enjoyable.
III.

RECOM111ENDATIONS

Specific Recommendations.

The author feels that improve-

ment should have been made in the construction of some of the
manipulative materials that were described and used in this
study.

For example, the calendar could have been constructed

from plywood in a fashion similar to the Hook-Board, as a
durable and longer-lasting aid.

The Flip Cards, which were

too large, could have been made smaller and each section then
fastened to the base with two rings.

A similar Flip Card

could have been constructed using numerals.

The usability of

the Numeral Chart (Fig. 18) demanded frequent use, thus causing
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complete destruction of the chart.

The author feels that

improvement should have been made in the construction of the
Numeral Chart by making it from plywood.

The author also

feels that the dominoes could have been purchased as the cost
was nominal and the time for teacher construction was great.
General Recommendations.

The author believes that

teachers should use manipulative devices because concrete
materials (1) helped youngsters discover arithmetical concepts,

(2) gave youngsters firm foundations for these under-

standings,
work,

(3) furnished an enjoyable atmosphere in which to

(4) helped build independence which the children needed

so badly,

(5) were not foreign to the children as they were

within the child's realm.

The author believes that teachers

should construct more of these manipulative materials.
The results of this study on manipulative devices was
in accord with Grossnickle (1:69), Sueltz (16:223), and
Peeler (17:273).

This recommends wide use of these manipula-

tive devices in the teaching of arithmetic.
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